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Abstract—Common health problems such as malaria, fever and pain have made humans depend on drugs like chloroquine 

(Cq) and aspirin (Ap) for wellness. But these drugs and their metabolites invariably find their means to the environment 

and pollute our land and water; hence, suitable remediation technique is paramount to conserve our surroundings. Organo-

clay synthesized by treating raw kaolinite with citric acid was explored as an adsorbent in this research paper. On the 

characterization of both raw clay and organo-clay using Fourier transform infrared (FTIR), X-ray diffraction (XRD) and 

scanning electron microscopy (SEM); the modification process resulted in structural and morphological changes. 

Employing batch adsorption for removal of Ap and Cq by organo-clay revealed that removal efficiency (R%) decreased 

with an increase in initial concentration (20–70mg/L), with the highest R% for Ap and Cq being 96.70% and 99.28%, 

respectively at 20mg/L. The contact time (5–120mins) for both Ap and Cq showed an increase in R% and then 

equilibration. The equilibrium time for Ap was 60min while Cq was 120min. The sorption isotherm investigated by both 

Freundlich and Langmuir models showed that both Ap and Cq follow the Langmuir model. The maximum sorption 

capacities of Ap and Cq onto organo-clay were 80.00 and 84.03mg/g, respectively. Among the kinetics models studied, 

namely, pseudo-first-order (PFO), pseudo-second-order (PSO), intraparticle diffusion (IDF) and Elovich, PSO describes 

the kinetics of both Ap and Cq onto organo-clay best based on correlation coefficient (R
2
) and also the sum of square error 

(SSE)values. 
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I.  INTRODUCTION 

 

The rapid development of certain pharmaceutical, 

chemical, petrochemical, agro-based, and textile industries 

has generated tremendous waste. Amongst these industries, 

chemical products in the form of drugs and their 

derivatives from pharmaceutical industries have been 

heavily distributed in land and water bodies [1, 2]. The 

common drug types detected are antidepressants, 

antibiotics, contraceptives, antiepileptics, anti-

inflammatory, pain and fever relievers, and antimalaria. 

Most of these drug types, like Aspirin and Chloroquine, are 

well-known pharmaceutically active compounds (PACs). 

The concentration of PACs determined in land and water 

bodies is in the minute range (ngL-1) [3,4]; 

notwithstanding, continual discharging of pharmaceuticals 

for a long duration is a source of threat to the environment 

and living organisms. Aspirin has gained popularity due to 

its efficacy in treating fevers, aches and pains [5], whereas 

Chloroquine is commonly used in preventing and treating 

malaria [6]. With the outbreak of covid-19 in January 

2020, Chloroquine has been reported as an effective drug 

for the treatment of COVID-19. With the rise in its 

synthesis, administration and continued use; Chloroquine 

and its metabolites invariably find their way into the 

environment [7]. 

The application of Aspirin and Chloroquine for various 

pharmaceutical purposes has led to a rise in the production 

of both drugs, increasing the amount present in wastewater 

effluents [7, 8]. These drugs find themselves in the 

environment via different routes. The primary route is drug 

use. After oral ingestion of these drugs, absorption and 

distribution follow; then bio-transformation 

(metabolization) and excretion of these drugs unchanged or 

as metabolites [9]. There is a good possibility that drugs 

like Aspirin and Chloroquine are directly excreted without 

any chemical alteration when taken in overdoses or at the 

wrong time. Other than the stated, 23 -25% of these drugs 

are excreted unmodified [10]. The metabolization process 

occurred by a biochemical pathway that transformed the 

original drug molecules [11]. The new products called 

"metabolites" are excreted and released into the natural 

environment and then transported to municipal sewage 

treatment plants, where they are treated using various 

techniques before being discharged [12]. Also, when faecal 

sludge is discharged in landfills, the leachate containing 

these PACs pass through the landfill barrier into 

groundwater and surrounding soil [13].Additionally, 

effluents and waste disposal from hospitals and 

pharmaceutical industries runoff from dumpsites due to 

improper disposal of expired and unused drugs [14, 15]. 

 

http://www.isroset.org/journal/WAJM/index.php
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PACs in effluents have noticeable effects in the 

environment as they undergo bio-concentration, microbial 

reduction, abiotic oxidation and reduction, which could 

raise the BOD and COD values of water bodies [16]. Also, 

some studies suggest that they could cause endocrine 

glands rupture, aquatic toxicity, the resistance of 

pathogenic micro-organism, carcinogenic cells 

development and genetic toxicity [17]. In particular, 

Aspirin in sufficient concentration readily acidifies water 

bodies. At the same time, Chloroquine, due to its chemical 

structure and physical and chemical properties, persists in 

the environment and can contaminate, bioaccumulate, and 

be transferred to living organisms in toxic forms [18]. Both 

Aspirin and Chloroquine are highly soluble in the aqueous 

system and recalcitrant to biodegradation, and as such, 

they both have raised serious concerns. 

 

Rest of the paper is organized as follows, Section I 

contains the introduction of Aspirin and Chloroquine with 

respect to their effect on the ecosystem, Section II contain 

the related work of the current research work, Section III 

contain the methodology used in this work, Section IV 

contains the Results and Discussion of this research work, 

section V Concludes research work. 

 

II. RELATED WORK  

 

Researchers have exploited various wastewater treatment 

techniques to mitigate the adverse consequences of PACs 

in the environment and living organisms [19]. Wastewater 

treatment methods studied could be broadly classified as 

biological, photo-chemical and physical. The biological 

wastewater treatment method utilizes micro-organisms and 

enzymes to cause the degradation of PACs and other 

organic pollutants. According to [20–22], biological 

methods have advantages such as environmental 

friendliness, degradation of pharmaceutical compounds, 

low cost but are insufficient and time-consuming to 

remove all potential poisons or contaminants present in 

wastewater. Advanced oxidation processes (AOPs), which 

involve the generation of very reactive species such as 

hydroxyl radicals •OH that oxidize a wide broad-spectrum 

of pollutants readily and non-selectively, are used for 

removing recalcitrant organic matter from wastewater 

effluents degraded drugs by the aid of photolysis [23–24]; 

however, AOPs are costly and energy-consuming. 

Complete mineralization of pollutants is seldom attained, 

while toxic products or by-products may arise. Physical 

methods like membrane technologies, including reverse 

osmosis and ultrafiltration, have been exploited in organic 

contaminants removal [25]. Adsorption is an auspicious 

physical method of wastewater treatment. Currently, 

Activated Carbon (AC) has gained prominence for 

adsorbing PACs from wastewater due to its efficiency 

[26]; however, AC has limitations, such as high cost, pore-

clogging, and hygroscopicity. Along with activated carbon, 

clay minerals have been investigated on their possible 

capacity to adsorb PACs [27]. Clays are fine-grained, 

natural, earthy, argillaceous materials. The particle size of 

clays is very fine and is generally considered to be about 2 

µm or less. The permeability of clay minerals is low, 

arising from compacted small grain particles. They also 

possess complex porous structures and large surface areas, 

which aid their interaction with organic and inorganic 

compounds [28]. 

 

Clay minerals such as montmorillonite, kaolin, fire clay, 

ball clay, bentonite and sepiolite have been investigated for 

their removal of organic pollutants. Among these 

candidates, kaolinite has been one of the most studied due 

to its cost-effectiveness, availability, and good sorption 

properties in removing active pharmaceutical ingredients 

(API) and auxiliary compounds in an aqueous medium 

[29]. In order to enhance the purity and adsorptivity of clay 

minerals on organic compounds, different researchers have 

used the term "treated" and "activated" to describe clay 

minerals that their adsorption capacities have been raised 

[29]. Another synthetic clay type unexplored in wastewater 

treatment is organo-clay; this clay type is synthesized by 

exchanging the original mineral interlayer cations for 

organo-cations [30]. To the best knowledge, no report has 

investigated the adsorption of PACs such as Chloroquine 

from wastewater effluent using organo-clay. 

 

This study aims to probe the efficiency of treated clay and 

organo-clay and compare both in the adsorption of Aspirin 

and Chloroquine from aqueous solution. 

 

III. METHODOLOGY 

 

3.1 Materials 

All the solvent and chemical used was purchased from 

Sigma–Aldrich. The pharmaceutical products used as 

target adsorbate in the present study are Aspirin (C9H8O4) 

– purity ≥98% and Chloroquine (C18H26ClN3) – Purity 

>98.5%. .A stock solution of 1 g/L of Aspirin and 

Chloroquine each was prepared with distilled water. Every 

other reagent used is analytic grade. Sodium hydroxide 

(NaOH) and hydro chloric acid (HCl) were used for 

adjusting pH. Citric acid (C6H8O7) and ammonium 

hydroxide (NH4OH) were used for Organo-Clay 

preparation. 1 kg of Clay was obtained from Umuchi in 

Mbano. 

 

3.2 Preparation of Treated Clay 

About 12 g of raw Clay (C1) was mixed with 400 mL of 

deionized water for 12 hr. The mixture was centrifuged at 

1000 rpm, 25 °C for 25 mins. Then, the final product being 

a supernatant was collected and dried at 85 °C overnight 

and named C2 [31]. 

 

3.3 Preparation of Organo-Clay 

11.6 g of Clay was dissolved in 400 ml deionized water 

and added citric acid (3.8 g). The mixture was then stirred 

utilizing a magnetic stirrer for 1 hr. Furthermore, 10 mL of 

50 % of ammonium hydroxide aqeous solution was added 

to obtain a pH of 7. Then the mixture was heated with a 

hot plate at 100°C for 2 hrs. Initially, a slurry gel appeared 

and finally a powder are obtained and named C3 [32]. 

3.4 Characterization 



  Journal of Physics and Chemistry of Materials                                                                                 Vol.9, Issue.1, Mar 2022 

  © 2022, JPCM All Rights Reserved                                                                                                                                   3 

3.4.1 X-Ray Diffraction (XRD) 

The C1 and C3 were analyzed by X-ray diffraction to 

determine the presence of crystalline minerals in raw Clay 

and to monitor the mineralogical changes caused by 

treatment; curves were recorded using copper radiation of 

wavelength λ= 0.154 nm. The crushed materials were 

placed on metal plates. Measurements were carried out in 

an angular range of 2θ from 0.03 to 80°. 

 

3.4.2 Scanning electron microscopy (SEM) 

SEM has been used to determine the morphology and 

topography of both the raw and treated Clay. This was 

observed on a PHILIPS XL-30 FEG scanning electron 

microscope.  

 

3.4.3 Fourier Transform Infrared Spectroscopy (FTIR)  

The functional groups present in the samples was observed 

on a Fourier transform Infrared Spectroscopy by 

Transmittance method within the range of 4000–650cm
-1

. 

 

3.5 Batch adsorption studies 

Batch adsorption tests were carried out using the “bottle-

point method”. A stock solution of Ap and Cq (1000 mgL-

1) was prepared and then diluted to the needed initial 

concentrations. The adsorption capacity of the adsorbents 

onto Ap and Cq was deduced by contacting a constant 

mass (50 mg) adsorbent with a fixed volume (100 mL) in 

tight plastic bottles of initial concentrations from 20 to 70 

(mgL-1) of Ap and Cq solution. The bottles were agitated 

in an isothermal water-bath shaker for 24 hr until 

equilibrium was reached. Ap and Cq calibration curves 

were prepared by recording the absorbance values for a 

range of known concentrations of Ap and Cq solution. The 

maximum absorbance was determined (λmax = 280 nm 

and λmax = 340 nm, respectively); this was achieved using 

a double beam UV-visible spectrophotometer (UV-VIS) 

(Unico UV-2100).The quantity of Ap and Cq adsorbed 

onto adsorbent, qe (mgg
-1

), was calculated by the following 

equation: 

 

   
(     ) 

 
                      (1) 

   
     

  
                         (2) 

   
(     ) 

 
                          (3) 

 

The Co, Ce and Ct depict Ap and Cq concentration (mgL
−1

) 

of the initial, equilibrium and at time (t). V depicts the total 

volume of the adsorbate solution in litres, while m 

represents the mass (g) of sorbent used. R% depicts the 

removal efficiency (%Removal) [33].     

 

3.6 Adsorption Isotherm  

Adsorption isotherm was carried out at an initial 

concentration of Ap/Cq of 20 mg/L solution and pH set at 

5.8 using 1 M HCl or 1M NaOH. 5ml of Ap/Cq solution 

was added to 50 mg of Clay and agitated for the desired 

duration of 50 mins. The mixture was afterwards 

centrifuged at 5000 rpm for 10 mins @ 25°C. The 

concentration of the supernatant was measured by UV-

visible spectroscopy. Cq is expected at 330/340nm, while 

Ap is 230/280nm. The process was repeated for 20, 30, 40, 

50, 60, 70 mg/L concentrations of Aspirin and Cq. The 

amount of Ap/Cq adsorbed on the Clay was calculated 

(eqn 1) using the mass balance. Langmuir and Freundlich 

models were applied to describe the relationship between 

the adsorbed quantity of Ap and Cq and its equilibrium 

concentration in solution.      

 

3.7 Batch adsorption kinetics 

Adsorption kinetics was carried out at an initial 

concentration of Ap/Cq of 0.5 mg/mL and pH set at 5.8 

using 1M HCl or 1 M NaOH. 5ml of Ap or Cq solution 

will be added to 50 mg of clay and agitated for the desired 

duration of 50 mins. Afterwards, the mixture will be 

centrifuged at 5000 rpm for 10 minutes @ 25°C. The 

concentration of the supernatant was measured by UV-

visible spectroscopy. Cq is expected at 330/340 nm, while 

Ap is 230/280 nm. The process was repeated for 5, 10, 15, 

30, 60, 120, 180 mins of agitation for Ap and Cq each. The 

amount of aspirin/chloroquine adsorbed on the Clay was 

calculated based on the mass balance. To investigate the 

adsorption characteristics of Ap and Cq on adsorbents 

(Treated and Organo-clay), Pseudo-first-order (PFO), 

Pseudo-second-order (PSO), Intraparticle diffusion (IPD) 

and Elovich were employed to examine the adsorption 

kinetics in this work [34, 35]. 

 

IV. RESULTS AND DISCUSSION 

 

4.1 Characterization 

 

4.1.1 XRD 

 
Figure 1: XRD diffractogram of (a) raw clay (b) treated 

clay 
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The X-Ray Diffraction graph for the raw clay (C1) showed 

3 main peaks and other smaller peaks (Fig. 1a). At 12
0
, 26

0
 

and 27
0
, respectively, the 3 main peaks for C1 was 

observed. For C3 (Fig. 1b), only one major peak was 

observed at 27
0
; therefore, every other major peak 

observed in C1 remained, but the peak at 27
0
. This is 

owing to the raw clay's chemical treatment, which affected 

its structure, giving rise to only one major peak as opposed 

to 3 observed in C1 [36].  

 

4.1.2 FTIR 

 
Figure 2: FTIR spectra (a) raw clay (b) treated clay 

 

A complex molecule is observed from the FTIR chart for 

the clay sample's raw clay (Fig. 2a). A single bond region 

is evident, ranging from 2500-4000 cm
-1

. At 3623cm
-1

, it 

confirms the existence of hydrogen bonding. This band 

confirms the presence of hydrate (H2O), hydroxyl (-OH), 

ammonium, or amino group. The presence of spectra 

between 1200-1000 at 1114.5 cm
-1

 with 749.2 and 790.2 in 

the range of 800-600 cm
-1

 confirms the presence of a 

hydroxyl group. An aliphatic compound may be present as 

a narrow band below 3000 cm
-1

 at 2881.2 cm
-1

. At 1114.5, 

749.2 and 790.2, which falls between the ranges of 1300-

700, a saturated aliphatic compound is observed, methyne 

most probably with a skeletal C-C vibration. A vinyl 

compound is observed at 909.5 as it falls between 915-890, 

showing vinyl C-H out-of-plane bend. At 1114.5, an 

aliphatic Fluro compound is also observed with C-F stretch 

as it falls between 1150-1000 [37]. 

 

A simple spectrum is observed from the FTIR chart for 

organo-clay (Fig. 2b) as the peaks are fewer. At 1051cm
-1

, 

a methylene group is evident as it falls within 1055-

1000cm
-1

, possibly a cyclohexane ring vibration peak. At 

767.8 cm
-1

, a skeletal C-C vibration is observed, showing 

the presence of a methyne group as it falls between the 

range of 1300-700cm
-1

. At 1982.9, an aromatic 

combination band is observed, possibly an aryl as it falls 

within 2000-1660cm
-1

. A mono-substituted terminal alkyne 

is observed at 2109.7 as it falls within 2140-2100 cm
-1

 

[38]. Moreover both XRD and FTIR suggest a kaolinite 

clay mineral. 

 

4.1.3 SEM 

 
Figure 3: SEM micrograph (a) raw clay (b) organo-clay 

 

The Scanning Electron Microscopy (SEM) gives the 

magnified images of a specimen's size, shape, composition, 

crystallography, and other physical and chemical 

properties. Scanning electron microscopy analysis allows 

visualization of the morphology of the studied materials, as 

shown in the figure above [39, 40]. Fig 3(a) below shows 

that the raw clay (C1) has fine structures, pores, slightly 

dispersed and agglomerated. The Organo-clay (C3) in fig 

3(b) shows a kaolinite with finer layered surfaces, porous, 

more dispersed and homogenous distribution. C3 hence 

has a larger surface area to volume ratio than C1. These 

changes are significant and desirable for optimum 

adsorption performance by C3. 

 

4.2 Effect of Initial Aspirin and Chloroquine 

Concentration 

The initial concentration is a critical parameters 

influencing Ap and Cq adsorption. In this respect, a series 

of batch experiments of Ap and Cq adsorption (Co: 30 –70 

mgL
−1

) were carried out for a clay dose of 0.05 gL
−1

 at pH  

2 (fig. 4 and fig. 5) for both the C2 and C3.  

 

Fig 4 shows the excellent performance of the C2 and C3 at 

equilibrium state and clarifies the optimum drug initial 

concentration used at confined experimental conditions. It 

is also evidently observed that the percentage removal of 

the Ap drug is sufficiently high, 95.31% and 96.70 for C2 

and C3, respectively, at low concentration (20 mg/L), and 

the removal efficiency decreases as initial concentration 

increases [41]. Fig 4 also shows that the optimum 

percentage removal of C3 is 1.39% higher than that of C2 

for Ap adsorption.  

 

Figure 5 also shows the excellent performance of the C2 

and C3 at equilibrium state and clarifies the optimum drug 

initial concentration used at confined experimental 

conditions. It is also evidently observed that the percentage 

removal of the Cq drug is sufficiently high, 97.30% and 

99.28% for C2 and C3, respectively, at low concentration 

(20mg/L), and the removal efficiency decreases as initial 

concentration increases. Fig 5 also also showed that the 

optimum percentage removal of Organo-clay is 1.98% 

higher than that of C2 for Cq adsorption. 
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The decrease in removal efficiency as the initial 

concentration increases for both the C2 and C3 in both Ap 

and Cq adsorption is because the equivalent molecular 

adsorption sites on the adsorbent surface were available for 

the increasing Adsorbate (Ap and Cq) concentration. This 

resulted into the overlapping of the adsorption sites on both 

the C2 and C3 adsorbent [42]. 

 

 
Figure 4: Effect of Initial Ap concentration on treated clay 

and organo-clay 

 

 
Figure 5: Effect of initial Cq concentration on treated clay 

and organo-clay 

 

4.3 Effect of Aspirin and Chloroquine Contact Time 

The effect of contact time of the adsorbent in the adsorbate 

solution was investigated considering its real-life 

application in wastewater treatment. The contact time was 

studied at a standard condition of 0.2 mg/mL initial 

concentration, solution pH of 5.8, and temperature of 293 k 

at contact times of 5, 10, 15, 30, 60, and 240 min for Ap 

and Cq as shown in Fig 6 and 7. The result revealed rapid 

adsorption of both Ap and Cq by C2 and C3 in the first 15 

to 30 minutes. From Fig. 6, C2 had a fast uptake of Ap and 

Cq in the initial 15 min and by 30 min constancy was 

almost observed in the % removal of Ap due to 

equilibration of adsorbate/adsorbent was attained while Cq 

took longer time to saturate the active sites of C2. Very 

similar trend was seen with C3 (Fig. 7) with the primary 

difference being that the % removal of C3 was 

comparatively higher in C3 than in C2 for both Ap and Cq 

at all contact times. The most suitable postulate for the 

rapid uptake in the first 30 min is due to the availability of 

active sites on the adsorbents and high concentration 

gradient at the start of adsorption [43]. As the adsorption 

continues, saturation occurs because of the unavailability 

of active sites on the adsorbents and due to electrostatic 

repulsion between adsorbate molecules [44]. C3 had better 

% removal because C3 by treatment has become 

intercalated than C2; that is, the inorganic interlayer 

cations of the clay have been interchanged for organic 

cations and contain more adsorbable active sites. 

 

 
Figure 6: Effect of contact time of treated clay 

 

 
Figure 7: Effect of contact time of organo-clay 

 

4.4 Adsorption Isotherms  
To describe the removal mechanism of Aspirin and 

Chloroquine onto the C2 and C3, two isotherm models 

(Freundlich and Langmuir) were applied to establish the 

relationship between the amount of adsorbed Aspirin and 

Chloroquine and their equilibrium concentration. The 

Langmuir isotherm is depicted by Eq. (4) [45]. 

 
  

  
 

 

      
 

  

    
                                                           (4) 

 

Ce is the supernatant concentration after the equilibrium of 

the system (mgL
-1

), bL depicts Langmuir affinity constant 

(Lmg
-1

), and Qmax depicts the maximum adsorption 

capacity of the material (mgg-1).  

 

The Freundlich isotherm is depicted by Eq. (5) [46]. 

 

           
 

 
                                                        (5) 

 

KF depicts the Freundlich constant (Lg
-1

), and n depicts the 

heterogeneity factor. The KF value is related to the 

adsorption capacity, whereas the 1/n value is linked to the 

adsorption intensity. The magnitude of (n) is an indicator 
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of the favorability and capacity of the system and the value 

of (n) greater than unity represents favorable adsorption 

[47]. 

 

4.4a. Adsorption Isotherms for Aspirin adsorption onto 

Treated Clay (C2) and Organo-clay (C3). 

The values of Qmax, KL, KF, and n calculated from the 

Langmuir and Freundlich models for the adsorption of Ap 

onto C2 and C3 are presented in Table 1. The sorption of 

Ap onto both adsorbents is well fitted with the Langmuir 

sorption isotherm since the correlation coefficients for the 

Langmuir sorption of Ap were found to be  0.9806 and 

0.9938 for C2 and C3, respectively (Figure 8, and 9), 

which are close to unity. The calculated Qmax and KL 

values for the removal of Ap by C2 are 74.627 mgg
-1

 and 

0.0760 Lmg
-1

, respectively (fig. 8). The values for C3 are 

80 mgg
-1

, 0.0218 Lmg
-1

, respectively (fig. 9). Comparison 

of the calculated Qmax values of Ap using C2 and C3 

reveals that the C3 is more efficient than the C2 in 

removing Ap. The results can be explained by the means of 

physicochemical properties of the adsorbents, that is, water 

solubility [48]. This property can play a major role in the 

mobility of the drug in the subsurface adsorbents. The C3 

has a more adsorptive effect when compared to C2. This 

adsorptive property makes Aspirin accumulate more onto 

C3 than it does with C2.  

 

 
Figure 8: (a) Langmuir and (b) Freudlich adsorption 

isotherm of aspirin onto treated clay (C2) 

 

 
Figure 9 (a) Langmuir and (Freundlich adsorption isotherm 

of aspirin onto organo-clay (C3) 

 

Table 1: The Langmuir and Freundlich isotherms 
parameters for the adsorption of Aspirin 

 
 

4.4b. Adsorption Isotherms for Chloroquine (Cq) 

adsorption onto Treated clay (C2) and Organo-clay 

(C3). 

The values of Qmax, KL, KF, and n calculated from the 

Langmuir and Freundlich models for the adsorption of Cq 

onto C2 and C3 are presented in Table 2. The sorption of 

Cq onto both adsorbents is well fitted with Langmuir 

sorption isotherm since the correlation coefficients for the 

Langmuir sorption of Cq were found to be  0.9905 and 

0.9989 for C2 and C3, respectively (Fig 10 and 11), which 

are close to unity. The calculated Qmax and KL values for 

the removal of Cq by C2 are 54.945mgg
-1

 and 0.0821Lmg
-

1
, respectively (fig. 10). The values for C3 are 84.034mgg

-

1
, 0.0803Lmg

-1
, respectively (fig. 11). Comparison of the 

calculated Qmax values of Cq using C2 and C3 reveals that 

the later is more efficient than the former in removing Cq. 

The C3 has more adsorptive effect compared to C2. This 

adsorptive property makes Cq amass more onto C3 than it 

does with C2 [49]. 
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Figure 10: (a) Langmuir and (b) Freundlich adsorption 

isotherms of chloroquine unto treated clay (C2) 

 

 
Figure 11: (a) Langmuir (b) Freundlich adsorption 

isotherms of chloroquine onto organo-clay (C3) 

 

Table 2: The Langmuir and Freundlich Isotherms 

paramters for the adsorption of chloroquine 

 

4.5 Adsorption Kinetics 

To investigate the rate of reaction and the mechanism or 

sequence by which a reaction occurs, can be fundamental 

in the design of industrial sorption process technologies 1; 

four adsorption kinetic models were employed, namely; 

Pseudo first order (PFO), Pseudo second order (PSO), 

Intraparticle diffusion (IPD) and Elovich (Eqs. 6–9): 

 

  (      )               (6) 
    
 

  
  

 

    
   

 

  
      (7) 

     
       

                           (8) 
 

    
 

  
       

 

 
        (9) 

 

Where  (min) is time,   (min
-1

),   (g/mg.min), and 

  (g/mg.min) are the rate constant of pseudo first-order 

sorption, rate constant of pseudo-second-order sorption and 

the intraparticle diffusion rate constant respectively;    

(mg/g) and    (mg/g)  are the amounts of PAC adsorbed at 

equilibrium (mg/g) and at time t;   (g/mg.min) and   

  (mg/g) are the initial adsorption rate and desorption 

constant; while  (mg/g) is a constant that provides 

information about thickness of the boundary layer [50, 51]. 

 

The various plots for the models are presented in Fig. 12 to 

15, and the evaluated parameters are shown in tables 3 to 4 

for aspirin and chloroquine. From the results, PFO poorly 

fits the sorption of both PACS as the    (exp) and    (cal) 

are far apart. The    values ranging from 0.6991 to 0.8690 

indicate poor correlation of scientific data, and the large 

SSE values indicate more significant errors. While PSO 

illustrates best the adsorption of Ap and Cq onto C3, the    

(exp) and    (cal) are much identical. The    values 

(0.9321 - 0.9978) clearly show a more excellent data 

correlation, and the SSE value (0.0121 - 0.0891) indicates 

minimum errors. The decreasing     for increasing 

concentration indicates that adsorption capacities will 

decline due to less active site on the adsorbent; this 

observation was also made by [51]. The results show that 

Chloroqui
ne 

Isotherm 
Models 

 
 

Paramete
rs 

 

 

 
C2 

 

 

 
C3 

Langmuir  
qmax(mg/

g)  54.945 
 

84.034 

 
 KL(L/mg)  0.0821  0.0803 

 
 R2  0.9905  0.9989 

Freundlic
h  

KF 
(mg1−1/n 

L1/n g−1) 

 
 
 

 
 

1.466 

  
 

0.249 

 
 N  1.468  1.201 

 
 R2  0.7602  0.7015 
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for a solid/liquid sorption process such as adsorption of Ap 

and Cq onto C3, intraparticle diffusion was also involved 

[52]. However, since the graph for IPD did not pass 

through the origin, IDP is not the rate-determining step; 

hence, the sorption is influenced by mass transfer and 

intraparticle diffusion [53]. Also, ki increased with 

increasing concentration indicating percolation of Ap and 

Cq into C3. The Elovich model has lower    and higher 

SSE, suggesting that the model is less suitable for the 

kinetic data. The change of non-linear equations into a 

linear one generally changes the degree and pattern in their 

error [54]. So the sum of the square of errors (SSE) and 

correlation coefficient (  )  are the decisive parameters for 

adsorption kinetic. Table 3 and 4 PSO best describe the 

kinetics for both Ap and Cq. Though not presented here, 

PSO kinetics best fits both Ap and Cq adsorption using C2 

but with lower   . 

 

 
Figure 12: Pseudo first order in Ap and Cq 

 

 
Figure 13: Pseudo second order in Ap and Cq 

 

 
Figure 14: Intraparticle diffusion (IPD) for Ap and Cq 

 

Table 3: Aspirin kinetic parameters 

Model Parameter 20 30 40 50 60 

    (exp) mg/g 10.8871 15.0117 21.7609 28.1826 40.3231 

PFO    (cal) mg/g 15.9003 29.0191 35.3318 42.8817 50.3232 

   (min-1) 0.0321 0.0110  0.0440 0.0413 0.0137 

   0.8312 0.7951 0.8690 0.6991 o.7018 

SSE 2.3456 3.1109 1.3421 2.9192 1.0345 

PSO    (cal) mg/g 10.0019 16.0119 21.4321 29.4101 40.0997 

   (g/mg.min) 0.0775 0.0721 0.0692 0.0655 0.0601 

   0.9543 0.9321 0.9978 0.9521 0.9891 

SSE 0.0312 0.0121 0.0351 0.0223 0.0891 

IPD    (g/mg.min) 0.4173 0.5213 0.8231 1.3002 3.4038 

C (mg/g) 5.77781 7.8910 11.6911 18.1710 20.7723 

   0.8129 0.8413 0.8891 0.9009 0.9121 

SSE 0.2424 0.4512 0.6637 0.8123 0.9981 
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Figure 15: Elovich plot for Ap and Cq 

 

Table 4: Chloroquine kinetic parameters 

 

 

V. CONCLUSION 

 

This present work was done to study the capacity of 

organo-clay compared to pristine clay to adsorb Ap and Cq 

from aqueous solution. Three adsorbent samples were used 

in this study, designated C1 for raw clay, C2 for treated 

clay, and C3 for organo-clay, which was synthesized by 

using citric acid to modify the C1 interlayer cations. XRD, 

SEM, and FTIR characterized both C1 and C3 to obtain 

physical and structural information on both, and the result 

revealed a chemical and physical modification of C1. Two 

process parameters were observed: initial adsorbate 

concentration and adsorbent/adsorbate contact times; the 

result revealed R% was inversely related to initial 

concentration for both Ap and Cq while the contact times 

increased and then equilibrated with respect to R%. 

Furthermore, the result showed that C3 adsorbs Ap and Cq 

better than C2, and also, Ap was adsorbed better than Cq by 

C3. Both Langmuir and Freundlich models investigated the 

adsorption isotherm, and from the experimental data. The 

Langmuir model suitably described both Ap and Cq and 

showed maximum absorption capacity Qmax and KL values 

for the removal of Cq by C2 are 54.945mgg
-1

, while the 

values for C3 are 84.034 mgg
-1

. Studied kinetic models 

were PFO, PSO, IPD, and Elovich on highest R
2
 and least 

SSE. The result showed that both Ap and Cq are best 

described by PSO kinetics. This study shows that organo-

clay derived from kaolin is a suitable alternative in PACs 

removal from waste effluent.  
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